###### Strengths and limitations of this study

-   This prospective cohort study is the first to demonstrate that Cambodian women are comfortable and can adequately perform human papilloma virus (HPV) self-sampling and that rapid, high volume HPV testing with the careHPV system is feasible in Cambodia.

-   This study demonstrates that digital colposcopy, using a new, hand-held digital colposcope with advanced optics, is superior to visualis ation with acetic acid as it allows the examiner to differentiate between cervical intraepithelial neoplasia (CIN) 1 and CIN2+ lesions.

-   As this cohort study was performed in an urban hospital, the results may not be as applicable to more rural regions of Cambodia.

Background {#s1}
==========

Cervical cancer is the third most common cancer among women worldwide with an estimated 569 847 new cases annually and 311 365 deaths.[@R1] Due to increased prevention measures in developed countries, up to 85% of the disease burden lies in developing countries with limited resources for human papilloma virus (HPV) vaccinations and pelvic screening.[@R2] In Cambodia, cervical cancer is the leading cancer in females with 1515 new cases diagnosed each year and 795 deaths. Cervical cancer rates are specifically high in Cambodia due to lack of widespread prevention. In Cambodia, cervical cancer deaths have surpassed maternity-related deaths, making it a leading healthcare priority.[@R3]

Human papillomavirus (HPV) is the most common sexually transmitted disease (STD) in the world, affecting 15%--25% of all women.[@R4] HPV also accounts for nearly all of the cases of cervical cancer. Infections of HPV strains 6, 11, 16, 18, 31, 33, 45, 52 and 58 are responsible for 90% of cervical carcinoma.[@R5] Primary prevention requires vaccination against HPV before girls become sexually active in order to prevent infection of HPV types included in the vaccine. The vaccine has recently become available at a lower cost, making it accessible in developing nations though not yet widely available in Cambodia.[@R6]

In congruence with vaccinations, regular screening, or secondary prevention, can greatly diminish the number of cervical cancer cases by treating precancerous lesions earlier. IARC has estimated that if all women aged 35--64 years were screened every 5 years and treated as necessary, the incidence of cervical cancer would be reduced by 84%.[@R7] Unfortunately, few Cambodian women are currently receiving preventative services.[@R6]

With a HIV prevalence of 0.8% in Cambodia, there is a specific need to screen HIV-positive women who make up 50% of adults living with HIV.[@R9] Many studies have shown a clear link between HPV infection and cervical dysplasia with HIV-positive status.[@R10] HPV infection advances more frequently and quickly in HIV-infected women due to their compromised immune system. This causes cancerous and precancerous lesions to appear earlier after the initial HPV infection than in HIV-negative women. Women with HIV are 4.6 times more likely to develop cervical cancer than uninfected women.[@R11] Additionally, the dysplastic lesions are comparatively larger in size and number as well as more likely to reoccur after treatment.[@R12] Relative immunity has been shown to be an underlying factor in progression of cervical cancer. Lower CD4 counts have been correlated with aggressive forms of the HPV virus; however, highly active antiretroviral therapy (HAART) may reduce HPV-related disease advancement or severity.[@R13]

The association of HIV and HPV can be explained by immunosuppression in HIV-infected women, and also by the fact that both HIV and HPV are sexually transmitted infections. Specific risky behaviours that play a role in the transmission of HIV are also applicable to the transmission of HPV. HPV can also be transmitted without penetrative sexual acts as it can be passed through skin-to-skin contact during sexual activity, increasing the probability of transmission compared with HIV.

Due to lack of healthcare resources throughout Cambodia, the traditional multistep strategies of cytology (pap smear), colposcopy, biopsy and subsequent treatment of women diagnosed with cervical dysplasia are not feasible.[@R3] As such, less resource intensive screening techniques have been studied to screen for cervical dysplasia and carcinoma. These screening tests include visualisation with acetic acid (VIA) and HPV testing.[@R14]

The VIA screening technique is an appropriate and effective approach to prevent cervical cancer. VIA uses 3%[--]{.ul}5% acetic acid (household vinegar) applied to the cervix to illuminate cervical abnormalities. These lesions are detectable by the naked eye as the acetic acid solution causes them to turn white (acetowhite). Immediate results from direct visualisation enables the women's health specialist to treat appropriate precancerous lesions with cryotherapy in the same visit.[@R16] In resource-poor settings, VIA with cryotherapy is a promising 'screen-and-treat' strategy as it does not require expensive equipment and the patient can be treated on the same day, minimising loss to follow-up. However, VIA can be affected by poor visual acuity of the examiner, a dim light source, inadequate training of the examiner, and it produces no permanent image for documentation or quality control.

Cervical HPV DNA testing has been shown to be reliable for the detection of high-grade cervical intraepithelial neoplasia (CIN).[@R17] Studies have shown that healthcare provider-collected cervical samples have significantly higher sensitivity and only slightly lower specificity for detecting high-grade CIN as compared with traditional cytology.[@R18] In addition, the possibility of using self-collected vaginal samples for HPV testing has also been recently explored to increase the number of women screened.[@R15] The preliminary results of self-collected HPV testing have been promising but have suggested the need for the approach to be investigated in different geographical and demographical settings. The careHPV testing system (QIAGEN, Maryland, USA) is a simple, faster, low-cost, semiportable and robust method for HPV testing, and a new variant of the traditional Hybrid Capture 2 System (HC2) that was designed to work in low-resource settings.[@R17] Each careHPV system can run 90 specimens in approximately 3 hours.

Digital colposcopy (DC) is similar to VIA in which the cervix is visualised after the application of acetic acid. In contrast to VIA, DC enables photography of the cervix to allow for magnified visualization of surface morphology. DC also facilitates telemedicine support, and patient and provider education.[@R20] The Enhanced Visual Assessment System (EVA) (MobileODT.com) ([figure 1](#F1){ref-type="fig"}) utilises the advanced optics found in Android smartphones that are ubiquitous even in low-resource settings. DC may potentially have improved sensitivity and specificity as compared with VIA as the digital image can be greatly magnified.[@R22] In addition, DC adds very little to the cost of visualization of the cervix and produces a permanent image that can be used for documentation and quality control. Lastly, the images obtained with DC can be sent electronically to expert consultants to evaluate more difficult cases.

![Enhanced Visual Assessment System, MobileODT.](bmjopen-2018-026887f01){#F1}

Objectives {#s2}
==========

The goals of this research were to assess the ease at which Cambodian women can obtain self-sampled HPV tests and to determine their comfort level in obtaining these samples; to compare the sensitivity of self-sampled HPV testing in Cambodian women as compared with clinician-collected samples; to determine and compare prevalence rates of high-risk HPV infection (hrHPV) and cervical dysplasia in HIV-positive and HIV-negative Cambodian women; and to determine if DC is superior to VIA by improving the providers\' ability to distinguish between CIN1, CIN2+ and cervical cancer. The research is intended to help the Cambodian Ministry of Health to design a cost-effective, large-scale, rapid, screen-and-treat cervical cancer programme for Cambodian women.

Materials and methods {#s3}
=====================

Between 1 October 2016 and 30 September 2017, 250 Cambodian women between 30 and 49 years of age (129 HIV-positive and 121 HIV-negative) were screened at the Sihanouk Center of Hope in Phnom Penh, Cambodia. Subjects were recruited from the National Center for HIV/AIDS Dermatology and STD cohort, the Sihanouk Hospital Center of Hope's Rural Outreach Teams and the Pochentong Medical Center.

After obtaining informed consent, subjects were instructed on how to obtain a self-sampled vaginal specimen for HPV testing. Then they obtained the sample and filled out a questionnaire that assessed their comfort level in obtaining the self--sample. A cervical examination was then performed with a speculum. The provider obtained another swab for HPV testing. Both swabs were then tested for 14 genotypes of hrHPV (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68) using the careHPV system. Acetic acid was then applied to the cervix and VIA was performed. Thin acetowhite lesions were considered positive and suspicious for CIN1 lesions. Thick acetowhite lesions, lesions with mosaicism or punctation, or abnormal blood vessels were considered positive and suspicious of CIN2+ lesions. An assistant contemporaneously documented all of the provider's findings. The EVA system was then used to obtain DC images (1--3 images per patient). The investigator then examined the DC images to see if these images change the diagnosis made with VIA alone. If either VIA or DC images were positive for cervical abnormalities, patients were triaged to one of two possibilities. (1) Cryotherapy was performed the same day when either VIA or DC images were suspicious for CIN1 lesions. (2) Cervical biopsy was performed when either VIA or DC images were suspicious for CIN2+ dysplasia or cervical cancer. Patients who have biopsy proven advanced disease (CIN2+) returned within a week for loop electrosurgical excision procedure (LEEP).

The specific variables being measured in this study include the following. (1) The percentage of Cambodian women who feel comfortable obtaining self-swabs for hrHPV. (2) The rate of hrHPV positivity in self-sampled swabs and clinician-collected samples. (3) The rates of cervical dysplasia in HIV-positive and the HIV-negative Cambodian women.

Patient and public involvement {#s3a}
------------------------------

This study was designed to explore new strategies for cervical cancer screening in Cambodian women. The study designers considered issues regarding the burden of screening on the patients. Specifically, the cost to the individual patients, the time needed for screening, the burden of positive results, need for further treatment and the risk of being lost to follow-up were all considered. Input from patient advocates including the Sihanouk Hospital Center of Hope's Rural Outreach Teams was obtained during the development of the study design. In addition, patients were specifically asked whether they felt comfortable performing self-swabs for HPV testing and whether they preferred self-swabbing or provider swabbing. All patients were given their results of the HIV tests, HPV tests, the results of VIA, and they were shown their DC images. Lastly, patients were given education and counselling regarding the HIV and HPV prevention and screening for themselves and for their friends and relatives.

Statistical analysis {#s3b}
--------------------

Patient questionnaire responses and information from patients\' charts were collected and entered into EpiData. The data was analysed using SPSS V.24.0 statistical software. Fischer's exact test of independence was performed to determine if there was an association between hrHPV infection, VIA+ and cervical dysplasia with HIV status. McNemar's test was performed to determine specificity of self-sampling versus physician-obtained specimens in diagnosing hrHPV. P values were two-sided, and statistical significance was defined as p\<0.05.

Results {#s4}
=======

All 250 women were screened using all four techniques (129 HIV+, 121 HIV-). Fifty six of the 250 (22.4%) women tested positive for high-risk HPV (hrHPV+). Of these 56 women, 39 tested positive in both self-sampled specimen and physician-obtained specimen. Eleven women were positive only in self-sampling, and six were positive only in the physician-obtained specimens. Self-sampling identified 50/56 (89%) whereas physician-obtained specimens only identified 45/56 (80%) p=0.174 NS. Thirty seven of the 129 HIV+ women were hrHPV+ (28.6%) whereas 19/121 HIV- women were hrHPV+ (15.7%) p=0.0154; 952 of the patients reported that they felt comfortable obtaining the HPV sample. 968 of the patients reported that they were confident to obtain a proper sample on their own. Thirty seven of the 250 women were VIA+ \[23/129 (17.8%) HIV+\], \[14/121 (11.5%) HIV-\] p=0.149. Thirty of the 37 VIA+ women underwent confirmatory biopsies (26 CIN1, 4 CIN2+), while seven patients refused confirmatory biopsy. The rate of confirmed cervical dysplasia in the HIV+ group was 20/129 (15.5%) as compared with only 10/121 (8.26%) in HIV- women p=0.0291. The contemporaneous provider impressions of the DC images accurately differentiated between CIN2+ and CIN1 lesions in all 30 women who had biopsies.

Discussion {#s5}
==========

There are over 8 million women at risk for cervical cancer in Cambodia. In addition, Cambodia has one of the lower rates of physicians per 1000 women in Asia (0.177).[@R23] As the vast majority of Cambodian women have not been screened for cervical cancer, screening strategies must be developed to screen-and-treat large numbers of women for cervical dysplasia and cancer. This is especially true for approximately 39 000 Cambodian women with HIV disease.

The results of this study might suggest potential modifications of the current cervical screening strategy that is currently being employed in Cambodia on a limited basis. The first component of this strategy would be HPV self-sampling. The results of this study confirm that 95.2% of Cambodian women are comfortable obtaining these specimens. Previous studies have shown that self-obtained specimens have a higher sensitivity than pap smears in detecting CIN2+ lesions.[@R16] In addition, many studies, including meta-analyses, have shown that self-obtained vaginal swabs are only marginally lower in sensitivity than physician-obtained cervical specimens.[@R16] This was confirmed in our study that showed no statistical difference between self-collected and physician-collected specimens. It would be feasible for a large number of Cambodian women to self-collect swabs; the careHPV system, which is highly portable, could be used to rapidly test these specimens. In addition, the cost is relatively inexpensive at only approximately US\$4 per specimen.

The second component of this proposed strategy would be to perform DC on hrHPV+ women with a highly portable system such as the EVA system used in this study. Given the shortage of trained gynaecologists in Cambodia, DC can be performed by trained nurses or midwives. While previous studies regarding VIA have shown that physicians are more likely to detect CIN2+ than nurses, DC has several benefits over VIA that can help reduce the difference between nurses and physicians.[@R24] First, the images obtained ([figure 2](#F2){ref-type="fig"}) have excellent resolution and can be easily magnified to visualise morphological feature consistent with high dysplasia such as mosaicism and punctation ([figure 2](#F2){ref-type="fig"}). In our study, physicians were able to distinguish between CIN1 and CIN2+ lesions in all 30 patients who had confirmatory biopsies. Second, the DC images can be used for continued education of nurse/midwives and for quality control. Lastly, the digital images can be sent, via a secure, cloud-based portal, for consultation in real time by an expert colposcopist anywhere in Cambodia or around the world.

![Cervical intraepithelial neoplasia 2 with mosaicism at 6 and 12 o'clock.](bmjopen-2018-026887f02){#F2}

The current WHO guidelines for low-resource countries such as Cambodia conditionally recommends using a strategy of 'screen with an HPV test followed by VIA and treat, over a strategy of screen with an HPV test followed by colposcopy (with or without biopsy) and treat\'.[@R26] The WHO guidelines recognise that their conditional recommendation is based on a 'very low quality of evidence\'. The justification used in the guidelines to recommend VIA over colposcopy after HPV testing is that 'there may be more resource implications with colposcopy due to increased training of providers, quality control, waiting time, and the potential for more women to be lost to follow-up\'.[@R26] However, these recommendations were written prior to the development of a high-quality, portable, digital colposcope such as the EVA system, which does not have these limitations. In addition, the WHO guidelines recognise that there may be fewer CIN2+ recurrences with the HPV test followed by colposcopy without biopsy (3/1000 fewer) as well as fewer cervical cancers (1/10 000 fewer with or without biopsy) and fewer deaths (6/100 000 fewer with or without biopsy) than with an HPV test followed by VIA. As such, given the new evidence put forth in our study, we suggest that the WHO guidelines might be modified in countries with the necessary resources to favour DC over VIA after HPV testing, if the results of our study are confirmed in subsequent large-scale studies.

A potential third component of a rapid, and cost-effective, screen-and-treat strategy might be to use the clinical impression derived from the DC images to determine immediate treatment. Specifically, women with suspected CIN1 lesions would be immediately treated with cryotherapy and those with suspected CIN2+ lesions would have LEEP. Again, our proposed screening strategy differs slightly from current WHO guidelines that recommend using cryotherapy as the primary treatment modality in all screen-and-treat protocols that do not have diagnostic histology.[@R26] The WHO recommends that for screen-and-treat programmes LEEP should only be used in lesions that are greater than 75% of the exocervix or when the lesion extends into the cervical os. In contrast, the WHO currently recommends either LEEP or cryotherapy in women with histologically confirmed CIN2+ but it acknowledges that the overall benefits may be greater with LEEP because it is probable there is less recurrence of dysplasia with LEEP as compared with cryotherapy.[@R13] The reason we recommend using LEEP in suspected CIN2+ lesions in our screen-and-treat strategy (which does not have confirmatory pathology) is that the results of our study show that DC was as accurate as confirmatory histology in its distinguishing between CIN1 and CIN2+ in all 24 patients. If this finding is confirmed in additional large-scale studies, it would be worthwhile to incur the added cost of LEEP in suspected CIN2+ lesions because of the decreased risk of recurrence with LEEP in CIN2+ lesions. However, as the majority of CIN1 lesions will not progress to higher-grade lesions, and since cryotherapy is less resource intensive and can be performed by nurse or midwives, it should be used for suspected CIN1 lesions.

One limitation of this study is that the careHPV system is less sensitive than both the Hybrid Capture 2 system and HPV-PCR. Previous studies have shown that the sensitivity of careHPV system to detect CIN2+ lesion is 88.1%. Since HPV-PCR was not performed on all specimens, we cannot give the exact prevalence of hrHPV in our patient population. An additional limitation of this study is that the results may not be applicable to women in more rural regions of Cambodia. While patients were recruited from both urban and rural settings for this study, there are ethnic groups, especially from the more mountainous regions of Cambodia, not well represented in our study population. Potentially, women from these ethnicities might not be as comfortable in self-swabbing as the women in our study.

Conclusion

Cost-effective, efficient and large-scale screening programmes must be developed in resource-poor countries such as Cambodia to screen hundreds of millions of women who have never been screened for cervical dysplasia and cancer. As such, screening strategies based on new technologies such as the careHPV system, which can rapidly and relatively inexpensively screen women for hrHPV, and the EVA digital colposcope, which can accurately (and without added cost) detect cervical dysplasia in women hrHPV+, need to be embraced. The results of this study will be used to propose a screening strategy to the Cambodian Ministry of Health.
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